Abstract: In order to determine the importance of urban forests as habitat for birds and to provide basic information necessary to increase avian species diversity in cities, the relatively green area of 3 sites of the urban forest within the research complex of Daejeon was studied for its avian colonies. A total of 505 birds of 28 species were observed in the urban forest within the research complex of Daejeon in February and June of 2009, and in terms of the individual sites, site 1 observed 167 birds of 20 species, site 2 observed 108 birds of 17 species and site 3 observed 230 birds of 17 species. Dominant species included the magpie (Pica pica), vinous-throated parrotbill (Paradoxornis webbianus), brown-eared bulbul (Hypsipetes amaurotis), yellow-throated bunting (Emberiza elegans) and the greattit (Parus major). Ecological status analysis showed that, in terms of nesting guilds, all 3 sites showed relatively similar ratios, and bird species which breed in tree holes made up 50% of the total, followed by, in decreasing order, those found in canopy, bush, ground and others. The foraging guild observed species which feed on canopy, water, ground, bush, dead wood and air, and showed that the 3 sites showed over 50% of the species feed on canopies.
Introduction
Green space in cities contributes to providing a cleaner and more refreshing life space for humans as well as various other living organisms, and the space also prevents soil erosion while providing effective hiding place via its suitable screening ability. However, industrial developments and increased human population in large cities have led to the expansion of build-up areas, which in turn has resulted in decrease in the green space in cities and fragmentation of such green space (Hur, 2010) . Such fragmentation influences the recent rapid decrease in wildlife species diversity (Kim, 2006) , and focused use of such fragmented green space within cities lead to significant disturbances and damages to the ecosystem (Han et al., 2005) . For these reasons, movements to manage urban forest have been taking place through public works on a local government scale, and the current trend includes efforts for visitors to explore forests and receive relevant education in order to learn forests' worth, usage and management.
An urban forest is defined as an area which includes trees, forests, school forests, street trees, riverside forests and man-made green space found within living spaces, such as urban parks, neighborhood parks and green belt facilities (Cyeonggi Green & Agriculture Foundation, 2006) . These urban forests are important habitats for birds with high movement levels within an urban ecosystem and also function as habitat islands within cities. The island biogeography, as suggested by MacArther and Wilson (1967) , has presented a basic fundamental theory regarding the study of biological colonies, and this theory was applied to an urban environment in order to conduct studies on the relationship between the number of species and surface area .
Past studies on birds living in urban forests include the Characteristics of Vegetation Structure and Bird Community in the Urban Park of Gwangju City by , A Study on Food Resource and Utilization of Artificial Nest of Wild-birds in Urban Woodland by Kim et al. (2002) , A Study on Habitat for Multiplication of Wild-birds in Urban Woodland by and the Characteristics of Bird Community and Habitat Use in Gildong Natural Ecological Park by Kim et al. (2004) .
Therefore, this study was conducted in order to study the characteristics of bird colonies and habitat use in urban forests in a research complex of Daejeon, where there is a relatively high level of green space within the city, in order to provide basic information which can be used for the development of forests and green space, which play crucial roles in the increase of avian population.
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Materials and Methods
The study on the avifauna of the urban forests of Daejeon was conducted over 2 sessions in February Study method included a team of two researchers moving along hiking trails or small roads to observe bird species and the number of birds 25 m to the left and right using a binocular (Nikon 8×42), the naked eye and bird cries. The time, surrounding environment and site of observation were recorded on site. The point census method and the line transect method were used, and study area included all areas visible to the naked eye or a binocular. Efforts were made to prevent repetition in bird count (Bibby et al., 1992) . Ecological niche analysis was conducted using the guild concept, and this concept has been used frequently for environmental assessment and management (Simberloff and Dayn, 1991) , after being defined as 'the collection of species which use the same resources in similar manner' (Root, 1967) .
Categorization and species names were organized using the system by Howard and Moore (1998) , and document by Lee et al. (2000) was used.
1) Dominance (D):
Indicates the percentage of the number of birds of a specific species among total bird count in the form of a coefficient (McNaughton and Wolf. 1967 ).
D=ni/N×100 N: total bird count ni: The number of birds of the Ith species 2) Species diversity (H'): The Shannon-Weaver function (Pielou, 1966) derived from the informative theory of Marglef (1963) was used for calculation.
Results and Discussion
Overall Avifauna
A total of 505 birds of 28 species were observed in the urban forest within the research complex of Daejeon in February and June of 2009, and in terms of the individual sites, site 1 observed 167 birds of 20 species, site 2 observed 108 birds of 17 species and site 3 observed 230 birds of 17 species. Site 1 showed the highest number of species and site 3 showed the highest number of birds. Such results showed values much lower than results of the study on an urban park of Gwangju-si (6,014 birds of 34 species) , on Gildong Ecological Park (2,075 birds of 63 species) (Kim et al., 2004) and studies by on Sanho Park in Masan (6,014 birds of 33 species), Nosan Park in Sacheon (2,817 birds of 37 species), Jinju Seongji in Jinju (6,453 birds of 46 species) and Bibong Park (4,349 birds of 49 species). Such difference seems to be caused by various environmental factors, such as the number of study sessions, habitat environment and the surface area of the study area, and it is expected that future comparative studies on urban parks of other regions are required. Furthermore, after calculating the number of species and individual birds per 1ha of study area, site 1 showed the highest number of species at 1.1 species, and site 3 showed the least with 0.5 species. In terms of the number of birds, site 1 showed the highest value at 8.0 birds, and site 2 showed the least value at 5.7 birds (Table  1) . Dominant species included, in decreasing order, the magpie (Pica pica) (65 birds) (12.87%), vinous-throated parrotbill (Paradoxornis webbianus) (52 birds) (10.30%), brown-eared bulbul (Hypsipetes amaurotis) (50 birds) (9.90%), yellow-throated bunting (Emberiza elegans), great tit (Parus major) (49 birds) (9.70%), marsh tit (Parus palustris) (45 birds) (8.91%) and the long-tailed tit (Aegithalos caudatus) (37 birds) (7.33%), marking the top 5%. The majority of these species is observed frequently in urban forest, nearby mountain forests and parks . In terms of the dominant species of individual sites, site 1 included the magpie (Pica pica), great-tit (Parus major), marsh tit (Parus palustris) and the yellowthroated bunting (Emberiza elegans), site 2 included the brown-eared bulbul (Hypsipetes amaurotis), magpie (Pica pica), vinous-throated parrotbill (Paradoxornis webbianus) Fig. 1 . Study area and the great-tit (Parus major), and site 3 included the vinous-throated parrotbill (Paradoxornis webbianus), magpie (Pica pica), yellow-throated bunting (Emberiza elegans) and the tree sparrow (Passer montanus), showing that the majority of the dominant species are bird species which live in shrubs and bushes. Studies by Lee and Park (1995) and Kim et al.(2004) showed similar results, which shows that the process of urban development experiences similar structural and functional changes in most cities, and that the green space of these cities are also similar enough to observe similar dominant species colonies. Green space in cities is generally isolated, and limitations of surface area and organisms population lead to decrease in species diversity (Wilcox and Murphy, 1985) .
In terms of division by migration pattern, permanent resident birds showed the highest number of species at 18 species (64.29%), followed by 8 species of summer migratory birds (28.57%) and 2 species of winter migratory birds (7.14%). The species diversity index was 2.76, and the value was the highest for site 1 at 2.73, followed by site 3 at 2.52 and site 2 at 2.41 (Table 1) .
Ecological Status Analysis
The 3 wild bird nesting guilds observed in the study area all showed similar ratios, and species which breed in tree holes showed the highest percentage at over 50%, with the percentage as high as 59.1% in site 1. This was followed by, in decreasing order, the canopy, bush, ground and others. Such findings were similar to the findings by and Kim et al. (2004) , and it is assessed that bird species which breed in woody plants show higher percentage. This is predicted to be the result of the decrease in the surface area of shrub and bush layers due to high visiting population in urban forest and increase in the number of birds creating nests in areas more difficult for human reach, such as tall trees (Hur, 2005) .
Foraging guild observed species which acquire food from canopy, water, ground, bush, dead wood and air. Overall, all 3 sites showed that over 50% of the species acquired food from canopies. In terms of the individual sites, site 1 showed, in decreasing order, canopy (59.1%), ground (22.7%), dead tree and air (9.1%) and water and bush (4.5%). Site 2 showed canopy (56.3%), ground (18.8%), bush and dead tree (12.5%) and none were observed to acquire food from water or air. Site 3 showed canopy (56.3%), ground and bush (18.8%) and dead tree (6.3%), and like site 2, site 3 did not show any species which fed on water or air. Such findings that there is a high number of species which feed on the canopy layer and a relatively low number which feed on the shrub and bush layers agree with the findings by Hur (2005) and Park and Choi (2005) . Foraging guild also showed a relatively low level in the shrub and bush layers, and this is assessed to be the result of limitation of feeding ground caused by artificial influence on small-scale green space in cities (Park and Choi, 2005) . Furthermore, urban parks generally contain a high level of coniferous trees and a low level of understory vegetation of coniferous forests. Understory vegetation development requires absorption of nutritive salts, which is derived primarily from the degradation of fallen leaves. However, since leaves of conifers fall later than oaks and contains lower lever of nutritive salts, urban parks contain low level of understory vegetation (H University, 2002) . In cities, buildings, electrical wires and other installations significantly interrupt avian movement, but such habitat islands function as passageways for certain bird species (Sodhi et al., 1999) . It is predicted that the urban planning and artificial activities have led to the simplification of vegetation structure, main habitat for birds, in urban forests, which in turn led to simplification of species composition and guild structure. It has been reported that the species diversity of wild bird colonies of forests hold close relationship with plant structure diversity, growth stage of woody plants and the presence and development of understory vegetation . Therefore, it is necessary to divide artificial space and preserved region for the management and protection of urban forests and to support the appropriate nesting or foraging guild upon selection of attracting target species. Furthermore, it is expected that increasing the coverage of shrub and bush via the provision of space between trees through thinning will increase bird species diversity of urban forests. The research complex region of the Daejeon Metropolitan City includes small-scale urban forests distributed across the area, and creating a vegetation belt via planting within research facility in order to ease wild bird movements will be able to connect urban forests to forest outside of cities, which have much higher species diversity than urban forests (Fernández-Juricic, 2000) . 
